HERMAPHRODITISM IN EURYCEA BISLLXEATA} 


IXEZ WHIPPLE WILDER and ELIZABETH BARRETT PEABODY. 

The occurrence of hermaphroditism among anurans seems to 
be an accepted fact. Crew ('21) summarized all the recorded 
cases of abnormal sexual organs in frogs and states that there 
are forty such cases. To this Swingle (’22) has recently added 
one more, but finds that of his list of forty-one abnormalties only 
twenty-seven can be considered hermaphrodites, a sufficient num¬ 
ber, however, coming from the hands of so severe a critic, to 
warrant the statement that hermaphroditism in anurans does 
occur. Cerruti ('07) and King (To) following numerous earlier 
writers, have investigated the occurrence of the anomaly in toads 
with results which, though possibly subject to differences in in¬ 
terpretation, tend nevertheless to substantiate the existence of 
hermaphroditism in these forms. 

No one has done for the urodeles the service which Crew has 
performed for the frogs, but from the paucity of published re¬ 
ports upon anomalies in urodeles this would not seem to be an 
arduous task. Thus Chapin (’15) in reporting a case of her¬ 
maphroditism found by her in Spclcrpcs bisVvicatus {Etirycea his- 
Ihicata) cited reports of only two other cases of this anomaly in 
urodeles which had come to her attention, one that of La Valette 
St. George (’ 95 ) in Triton tcvniatiis, the other that of Knappe 
(’86) in a young Salarnandra niacnlata. Since the publication of 
Chapin’s paper a third case has been reported by Krizenecky (T/) 
in Triton crisfatus. Although the cases of La Valette St. George 
and of Krizenecky in Triton are unquestionably to be accepted as 
genuine, there is doubt concerning the nature of the anomaly re¬ 
ported by Knappe in Salannindra. Its interpretation as an her¬ 
maphrodite is apparently that of King (To) who in summing up 
the reported cases of the occurrence of hermaphroditism in uro¬ 
deles says that “ Knappe (’86) noted the presence of a Bidder’s 
organ in a young salamander.” In the paper in question, however, 
following the enumeration of the species of Amphibia which he 
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had examined for the possible occurrence of a Bidder’s organ, an 
eniinieration which included seven species of Annra and two of 
Urodcla {Triton tcoiiatus and Salamandra uiaculata) Knappe 
states definitely “ Bald stellte sich herans, dass es ziir Bildung 
eines Bidder’schen Organs nnr bei den echten Krotenarten 
koinint.” And farther on after mentioning the unique appearance 
of one Bidder’s organ, he says: “ Eine solche Samenkorperbih 
dung in Eikapseln des Bidder’schen Organs mit gleiches Be- 
stiinmtheit nachzuweisen, wie in dein eben beschriebenen Falle, ist 
mir bis jetzt nicht wieder gelungen, doch kann ich ahnliches fiir 
eine andere verwandte Thiergruppe, die Salamander, konstatiren. 
So liess eine in Schnittserien zerlegte Hodenabtheilung eines 
jungen, viellicht zweijahrigen Salamandra maculata nicht den 
geringsten Zweifel, dass dieselbe aiis Eikapseln, ahnlich denen im 
Bidder'schen Organ der Kroten, bestaht.” It was thus obviously 
not Knappe’s intention to state that he found a Bidder’s organ 
in a salamander, but rather an appearance in the testis of a 
salamander like that of the unique Bidder’s organ in a toad. In 
any case the interpretation of the condition described in the sala¬ 
mander as hermaphroditic, will depend upon the interpretation 
of the sexual nature of Bidder’s organ itself. This is a matter 
which has been a bone of contention ever since the discovery of 
the organ in 175S by Rdsel von Rosenhof, and a number of the¬ 
ories have been advanced regarding its nature and significance. 

In view of the almost universal agreement of modern writers 
as to the femaleness of Bidder’s organ. Swingle’s recent discussion 
(’21 and ’22) of its nature is of great importance. In a discus¬ 
sion of the so-called transformation of sex in frogs, he claims that 
the theory is really based on a misinterpretation of the appearance 
of the cells in the Bidder’s organ of toads. According to Swingle, 
the oviform-like cells of this organ do not rei)resent the cells of an 
ovary, thus making the animal an hermaphrodite at this stage, 
but are, like the cells of similar appearance which occur in the pro¬ 
testis of the frogs, merely senescent male cells which are under¬ 
going oviform degeneration. He adds further : “ True hermaphro¬ 
ditism in frogs is a permanent and pathological condition, prob¬ 
ably due to a mix-up in the genetic constitution of the individual. 
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and is not to be confused with the present problem which has 
to do with a normal but transitory embryological process.” 

The general opinion thus set forth by Swingle finds support 
also in a statement made by Crew (’21) who said: “ Cytologically 
it has not been proved that the cells which constitute Bidder’s or¬ 
gan are ovarian and there undoubtedly are reasons for question¬ 
ing the generally accepted opinion that this organ is a rudimentary 
ovary.” 

The three cases of hermaphroditism already reported in urodeles, 
disregarding now Knappe’s inconclusive report, differ from each 
other quite markedly. La \^alette St. George’s case in Triton 
tccniatiis was referred to by Cole (’96) as the most complete case 
of hermaphroditism yet recorded among the iVmphibia.” The 
specimen was a male with perfectly distinct and independent 
paired ovaries, in addition to a pair of normal testes, but, however, 
without any traces of oviducts. The testes contained developing 
and fully developed sperms; and the ovaries, eggs in various 
stages of maturity. 

The case reported by Krizenecky in Triton cristatiis showed the 
presence of ova within both peripheral and internal lobules of 
otherwise normal testes. 

The case reported by Chapin in Enrycea bislincata was that of 
an adA^anced larva in which the gonad was essentially male with 
female elements. iMacroscopically, the anterior part of the left 
gonad, which was much reduced in size, resembled the normal 
testis in texture, though not in shape, while the posterior region 
was distinctly like an ovary. The right gonad, which was some¬ 
what smaller than the normal testis of an individual of the same 
size, showed another sort of hermaphroditism. Two ova were 
found in the otherwise apparently normal testis, each one com¬ 
pletely filling one lobule, which would normally contain a large 
number of male cells. This case showed, therefore, two ways in 
which female elements may be disposed in otherwise distinctly 
male gonads; one in the form of growing ova among the cysts of 
spermatogonia, and the other by a modification of a part of the 
gonad into a region resembling an ovary. The numerous cases of 
hermaphroditism which we have found in this same species are all 
of the same general character as that described by Chapin. 
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In the light of a recent article by Jordan (’22), it may be well 
to define our use of the term, hermaphroditism. According to 
Jordan, true anatomic hermaphroditism occurs “ where ovary and 
testis are present in the same individual.’' Jordan regards the 
presence of an ovo-testis as a modification of true hermaphrodit¬ 
ism, a condition which he designates as a type of false herniaphro- 



Fig. I. Camera lucida drawings of the ventral view of the gonads of (A) 
an adult male; (B) an adult hermaphrodite; and (C) an adult female (X 9). 
Fa, fat bodies; in, Mullerian duct; ms, mesonephros; 0, ova (priiwery oocytes). 
tl, testicular lobules; tp, testicular pigmentation (the two latter present but 
not shown in (A)) ; za, Wolffian duct. The line 1-2 shows the level of the 
section drawn in Fig. 4. 

ditism. Were this distinction to be accepted, the term, true 
hermaphroditism, could be used only when referring to such a 
case as that of La Valette St. George’s in Triton tceniatus. There 
seems to be no justification, however, for this distinction of 
Jordan’s, inasmuch as a distinct testis and ovary is but a further 
step in the separation of the male and female elements which, in 
some individuals, are still intermingled to a greater or less extent 
in the ovo-testis. An examination of the adult ovo-testis shown in 
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Fig. I B shows that a separation posterior to the testicular part on 
each side, such as, in fact, is slightly indicated in the right gonad, 
would transform each ovo-testis into a distinct testis and ovary. 
A female was found in which the ovary (Fig. 2) showed a num¬ 
ber of separate parts or lobes, some connected with each other by 



Fig, 2 . Camera lucida drawing of the ovaries O'f an adult female showing 
an unusual lobed form (X 7). Mullerian duct; ms, mesonephros; o, ova; 
ol, detached lobe of ovary. 

the mesovarium and others quite distinct, serving to illustrate the 
point that parts which are usually continuous may, through some 
unknown cause, become thus carried apart. Jordan's distinction 
in terminology seems, therefore, a somewhat arbitrary one, at 
least as applied to our species, and thus any individual which 
shows the presence of both male and female sex cells, even though 
these appear side by side in the same gonad, is regarded in this 
paper as a true hermaphrodite. 

Naturally the ultimate criterion of hermaphroditism should be 
the production of functional germ cells of both sexes. Such a 
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criterion would obviate all possibility of the condition being given 
the interpretation which Swingle has given to the oviform cells 
which occur in Bidder's organ and in the larval testis (pro-testis) 
of frogs. In carrying out our investigation we had in mind as 
near an approach to this ideal as possible, and, having found 
examples of the condition which to us seemed unquestionably 
hermaphroditic in individuals of various stages up to transforma¬ 
tion, we made a definite search for such cases among adult ani¬ 
mals. As this search was rewarded by the discovery of one adult 
in which the hermaphroditic condition was beyond question, al¬ 
though the individual had not arrived at full sexual maturity, we 
feel confident that our interpretation of our cases as true her¬ 
maphrodites is correct and that the condition described cannot be 
considered as “ a normal but transitory embryological process." 

Percentage of Occurrence. 

The determination of the percentage of occurrence of her¬ 
maphrodites with reference to that of males and females in Etirycea 
bisliiicata is based upon the examination of the gonads of 1113 
individuals ranging from the typical larval to the adult stage. 
Wilder (^24) has shown that Eurycca bisliiicata is a form in 
which the period before transformation is considerably prolonged, 
covering from two to three years, although the structural changes 
leading toward metamorphosis are inaugurated many months 
previous to the actual transformation. The whole period from 
hatching to transformation is subdivided on the basis of structural 
changes into stages, the readily recognizable criteria of which, in 
living individuals, are as follows: 

1. Postembryonic stage—Yolk still present, intestine not fully 

formed. 

2. Typical larval stage—Intestine fully formed; no naso-lacrimal 

groove and no os thyreoidciim. 

3. Premetamorphic stage—Open naso-lacrimal groove (in incipi¬ 

ent phase) ; os thyrcoideuni present; no vesicular glands in 
the skin. 

4. Metamorphic stage—Glands of skin appearing as tiny acinous 

vesicles (in incipient phase), becoming rapidly larger and 
more conspicuous; absorption of larval structures and de- 
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velopment of eyelids and naso-labial groove (advanced 
phase). 

The specimens used constituted representative collections made 
through a period of several years and had been preserved either in 
alcohol after fixation in Bonin’s solution, or in formalin. 

The method followed in sexing was first to examine the gonads 
in situ under a Baiisch and Lomb binocular dissecting microscope 
with a strong artificial illumination. In many cases this was suf¬ 
ficient to diagnose the sex, but in those cases in which it was not, 
the gonad was removed and cleared in toto in glycerine for more 
careful study under the compound microscope. If in sexing one 
begins with adults and continues through the smaller and earlier 
stages, one comes finally to a point where it is practically impos¬ 
sible to be sure of the sex. Individuals of less than 27 mm., 
though frequently possessing readily sexed gonads, more often ex¬ 
hibit a developmental condition which might admit of various 
interpretations, since, at least without the use of cytological cri¬ 
teria, the small cells present might be either oogonia or spermato¬ 
gonia. Bouin (01) found that in Rana tcmporaria the first de¬ 
velopment of male and female germ-cells is identical as far as 
origin and general appearance are concerned. It may even be the 
case in Eurycca, as Okkelberg (’21) has shown for the brook 
lamprey, that the animal passes through a period of sex indif¬ 
ference before sex differentiation sets in. His observations “ seem 
to warrant the conclusion that each larva of this species (Entos- 
phcnns z<.ildcri) carries the potentiality of both sexes and that sex, 
therefore, is not irrevocably fixed at fertilization.” He explains 
the development of sex in these gonads of “ potentially either ” 
sex by showing the presence in the gland of two kinds of germ 
cells, those manifesting a tendency towards rapid division (kata- 
bolic) and those showing a tendency to growth (anabolic). He 
says: The former are regarded as having a male and the latter a 
female potentiality. The relative proportion of anabolic and kata> 
bolic cells determines whether the larva becomes a male or a 
female individual.” 

Since our problem, however, was not one dealing with a possible 
early transitory hermaphroditic condition, we have included in 
the calculation of the percentage of occurrence only those indi- 


352 INEZ WHIPPLE WIl.DER AND ELIZABETH BARRETT PEABODY. 

viduals which had definitely passed beyond the indeterminate 
sexual stage to a point where sex could be definitely diagnosed. 
The following summary is, therefore, based upon the study of 
gonads of animals of a length of 27 mm. and over, the arbitrary 
minimum of 27 mm. being taken as approximately representing 
the dividing line between those individuals in which the sex is 
still, if not indifferent, at least frequently difficult to determine, 
and those in which the sex is unquestionably established and 
recognizable. 

Summary of Percentage of Occurrence. 

Typical larval individuals (of 27 mm. and over in length) 


Total number sexed.-.. 178 

Number of males. 86, or 48.3 % 

Number of females. 89, or 50.0 % 

Number of hermaphrodites. 3, or 1.68% 

Individuals in incipient phase of premetamorphosis 

Total number sexed....'. 333 

Number of males. 177, or 53.2 % 

Number of females. 152, or 45.7 % 

Number of hermaphrodites. 4, or 1.2 % 

Premetamorphic individuals (beyond incipient phase) 

Total number sexed. 256 

Number of males. 119, or 46.5 % 

Number of females. 134, or 52.3 % 

Number of hermaphrodites. 3, or 1.2 % 

Metaiiiorphic individuals 

Total number sexed.■. 226 

Number of males. 115, or 50.8 % 

Number of females. 107, or 47.4 % 

Number of hermaphrodites. 4, or 1.8 % 

Adult individuals 

Total number sexed. 120 

Number of males. 77, or 64.0 % 

Number of females. 42, or 35.0 % 

Nuhiber of lieHlnaphroditcs. i, or 0.83% 

All individuals exclusive of adults 

Total number sexed. 993 

Number of males. • . 497, or 50.05% 

Number of females. 4S2, or 48.53% 

Number of hermaphrodites. 14, or 1.41% 
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All individuals 

Total number sexed.1113 

Number of males. 574, or 51.57% 

Number of females. 524, or 47.08% 

Number of hermaphrodites. 15, or 1.35% 


The variation in the percentage of occurrence of hermaphrodites 
in the different developmental stages has little significance be¬ 
cause of the large probable error due to the small number of 
specimens examined. It should be noted that the nearest approxi¬ 
mation to the general average, 1.35 per cent., occurs in the case of 
those stages in which there were the largest numbers examined. 
The extremely low percentage in the adult group is noteworthy 
and, though probably due to the small number of specimens used, 
may conceivably indicate a lower degree of viability in the case of 
hermaphrodites in adult life. The discrepancy in percentage of 
males and females in the adult group may also indicate a dif¬ 
ference in viability, but is more likely to be due to the fact that 
the collections used were made mainly in the spring when the fe¬ 
males would be more difficult to find because during the egg lay¬ 
ing period they are under large rocks in the deeper water. 

The fact of real significance is that of the existence of hermaph¬ 
roditism in every developmental stage, since together with the 
approximate equality of the two sexes, it serves to eliminate any 
claim that the condition in question is, in this species, merely a 
transitory one. 

This establishment of a fairly constant percentage of occurrence 
of hermaphroditism in Eitrycca bisVuicata suggests the possibility 
that a search for the phenomenon in other urodeles might reveal a 
like frequency of occurrence. The urodeles offer an inviting field 
for such investigation since so little has been done with them in 
connection with the problem in contrast to the large amount of 
attention which has been given to the anurans. 

Description of Representative Cases of Hermaphroditism 
IX Eiirycca hisluicata. 

Adult Stage. 

The one hermaphroditic adult found was an individual of 65 
mm. in length which had the external characteristics of a female. 






354 WHIPPLE WILDER AND ELIZABETH BARRETT PEABODY. 

as shown by the presence of a sperniatheca in the dorsal wall of 
the cloaca, and the shape of the head. The appearance of the 
gonads in situ is shown in Fig. i B. For comparison, a typical 
ovary and a typical testis from animals of approximately the same 
size and collected at the same time (July 3, 1915) are shown in 
Figs. I A and i C. The smaller size of both testicular and ovarian 
parts of the ovo-testis as compared with the typical male and fe¬ 
male gonad respectively will be noted. Moreover, while the repro¬ 
ductive ducts (Wolffian and Mullerian respectively) of the normal 
male and female have approximately the form characteristic of 



Fig. 3. Cross section showing (m) the IMiillerian and (tc) the Wolfhan 
ducts in the adult hermaphrodite (cf. Fig. i B) (X 400). ^ 

the mature condition, the hermaphrodite showed macroscopically 
apparently a single slender straight duct upon each side following 
the lateral border of the mesonephros. Subsequent microscopic 
examinations of cross sections of this, however, revealed the pres¬ 
ence of two ducts (cf. Fig. 3) the more lateral of which, the Mul¬ 
lerian, alone persists anterior to the mesonephros. This sexually 
indifferent condition of the ducts is identical with that shown by 
cross sections, made previous to this investigation, through the 
body of a 66 mm. immature adult male, the testes of which also 
correspond histologically almost exactly to the testicular portions 
of the hermaphroditic gonad and were thus used as a typical male 
control in the microscopic study. 

The fat bodies in the hermaphrodite were especially large, and 
when the body cavity was first opened completely obscured every- 
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thing beneath tliem, making their removal necessary for the study 
of the gonads. The right gonad is the larger and in a macroscopic 
examination seems to be primarily a testis with characteristic pig¬ 
mentation and conspicuous lobules. The pigmentation is, how¬ 
ever, somewhat lighter in color than that usually found in the adult 
testis. The length of the testicular portion of the right gonad is 
4 mm., while that of the testis shown in Fig. i ^ is 5.25 mm. 
Posterior to this testicular portion, occurs a more slender unpig- 
mented structure in which ten large unmistakable ova, together 
with smaller ones, may be seen. Its general resemblance to an 
ovary is seen by comparison with the ovaries of the 60 mm. adult 
female shown in Fig. i C. 

The left gonad is longer and more slender as a whole than the 
right. This is due to the greater length of the ovarian part, the 
testicular region being smaller than that of the right gonad (2.75 
mm. as compared with 4 mm.). Moreover the testicular pig¬ 
mentation is confined to the anterior region of the gonad and is 
still lighter in color than that of the right gonad. The character¬ 
istic lobules are present, but there is less differentiation of the 
testicular from the ovarian region, the two seeming to grade into 
each other insensibly. In this gonad 14 large ova are in evidence 
as well as numerous smaller ones. At the extreme posterior end 
of the left gonad there is a small semi-detached ovarian lobe. 

The hermaphrodite had not been preserved originally for histo¬ 
logical study, since the animal had been killed in 5 per cent, for¬ 
malin and had been kept in this fluid since 1915. Nevertheless the 
gonads were-sectioned, and, in spite of the excessive shrinking 
which is especially evident in the separation of the cysts which 
make up the testicular lobules, the characteristic structure of both 
the male and the female components was shown with unmistakable 
clearness. 

Figure 4 shows a cross section through a region where, in a 
macroscopic examination, the right gonad had the appearance of 
a testis and the left one the appearance of an ovary. In genera] 
this section shows the typical testicular structure of the right 
gonad, with lobules, each made up of a number of component cysts 
of male cells, arranged radially about a central collecting duct. A 
single large ovum appears in the section, however, completely fill' 
24 
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ing one of the lobules and thus apparently the equivalent of many 
cysts. The characteristic anabolic and katabolic nature of the fe¬ 
male and male cells respectively is thus well exemplified. The fe¬ 
male cell grows, the male cell divides. In the whole series of sec- 



Fig. 4. Cross section through the gonads of the adult hermaphrodite at the 
level indicated in Fig. i B by the line 1—2 (X 87). The two gonads are 
brought nearer together in the drawing than their actual position. Cc, central 
cavity of ovarian region; cd, collecting- duct of testicular region; /, follicles of 
both ova and testicular cysts; mt, spermatogonial cells in mitosis; o, ova (pri¬ 
mary oocytes) ; p, peritoneal investment; pr, primordial germ cells; tc, tes¬ 
ticular cyst; tl, testicular lobule. 

tions through the gonads no fewer than ten such ova were found in 
the testicular portion of the right gonad and six in that of the left. 
All were, like the one shown in Fig. 4, in an apparently normal 
state of development, manifesting no incipient signs of degenera¬ 
tion such as Crew (’21) reports to be the case in Anura whenever 
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female elements are found in parts which are primarily male in 
character. In fact no difference could be detected between the 
ova among the testicular lobules and those of the more distinctly 
ovarian part of the gonads except that the former had advanced 
further in the matter of accumulation of layers of yolk. 

There was much mitotic activity in progress in the testicular 
lobules, the same stage of mitosis being exhibited by all the cells 
of a given cyst, a condition which is to be expected if one postu¬ 
lates their formation by repeated divisions of a single primordial 
spermatogonium. Thus the male elements, like the female, have 
every appearance of undergoing perfectly normal development. In 
the transition region from the testicular to the ovarian part of the 
gonad, small testicular lobules appear which are somewhat degen¬ 
erate in character. 

The posterior part of each gonad sho^vs the typical ovarian 
structure as demonstrated by the section of the left gonad in Fig. 
4, with large fcentral cavity surrounded by ova, each within its 
layer of follicle cells. 

The microscopic condition thus shown seems scarcely more ad¬ 
vanced than that pictured and described by Chapin (T5) in the 
gonads of her 46 mm. hermaphroditic larva,’' which, in the ab¬ 
sence of the more exact criteria of developmental stages of the 
whole larval life such as we are here making use of, was designated 
as a “ larva " in the sense that it had not yet undergone trans¬ 
formation. In reality it was probably an individual which was 
approaching metamorphosis if not in actual metamorphic condi¬ 
tion. In general this species shows much normal variation in the 
developmental condition of the gonads at transformation and it 
is thus not surprising that one individual previous to transforma- 
tion should be in the same condition as another which has already 
transformed. 

Our adult hermaphrodite is noteworthy, not only because it 
shows that the condition is not merely a juvenile one, but also 
because so far as external characters are concerned it appears to 
be a female. These characters, it must be confessed, are not of a 
very decided nature in this species, the presence of a spermatheca 
being, indeed, the only unquestionable one. Moreover, the clo- 
acal papillae which are the characteristic male structures, might 
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not have appeared in so immature an individual and thus one 
cannot be sure that later the cloaca might not have shown male as 
well as female structures. 

Crew ('21) in his summary of the recorded cases of abnor¬ 
mality of the reproductive system, says that of the 30 frogs of 
which sufficient details were given as to their secondary sexual 
characters, 25 (83.3 per cent.) were definitely and typically males; 
4 others were definitely but imperfectly male (13.3 per cent.) ; and 
in the remaining case, a Rana tcniporaria described by Huxley 
(^20), the secondary sexual characters were female (3.3 per 
cent.). lie says: “The abnormalities which have been recorded 
can be so tabulated that the first case most nearly approximates to 
the normal female and the last the typical male, with respect to 
the nature of both primary and secondary sexual characters. Thus 
arranged it is seen that the cases furnish an almost complete series 
of gradations which range from an individual almost completely 
female, to one almost completely male, and that the conditions 
found readily appear to be merely graded stages of a single 
process.” 

All of our other hermaphroditic examples of Eurycca were in 
too early a stage of development for secondary sexual characters 
to have appeared. However, so far as the condition of the gonads 
alone was concerned the same sort of graded series was found as 
that described by Crew in the frogs. 

More thorough microscopic examination of gonads might, by 
disclosing occasional ova among the lobules of an otherwise normal 
testis or a few testicular elements concealed by the large ova of an 
ovary, yield a more complete seriation. At least the conditions 
shown by Eurycca indicate that in this species the hermaphroditic 
condition cannot be interpreted as always a modification of the 
same sex. 

Metamorphk Stage. 

In the more advanced developmental stages, as in the case of the 
adults, the sexing of the specimens consisted in distinguishing 
between a large unpigmented ovary full of bulging ova and a more 
slender, heavily pigmented testis with, of course, attention directed 
toward the detection of any combination of the two, which would 
mean an hermaphroditic condition. Fig. 5 B shows the hermaph- 
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roditic gonads of a 42.4 mm. animal in the advanced meta- 
morphic stage. The gonads are essentially male so far as general 
shape and slight characteristic pigmentation are concerned, and 
there are visible in them ten unmistakable ova. Figs. 5 ^ 5 ^ 

represent the gonads of a typical male and female collected on the 



Fig. 5. Camera lucida drawings of the ventral view of gonads of (A) an 
incipient metamorpliic male, length 40.9 mm.; (B) an advanced metamorphic 
hermaphrodite, length 42.4 mm.; and (C) a premetamorphic female, length 
40.2 mm. (X 15). fa, fat bodies; j?is, mesonephros; o, ova; f/, testicular 
lobules; tp^ testicular pigment; zc, Wolffian duct. The levels of the sections 
of the gonads shown in Fig. 6 are indicated by the lines 1-2. 

same date and of approximately the same size and stage of de¬ 
velopment, which may be used for comparison. As noted before, 
the smaller size of the hermaphroditic gonad, and of the ova pres¬ 
ent in it, is obvious. 

Cross sections 10 micra thick were made through all three pairs 
of gonads and were stained, some with Delaheld haematoxylin, 
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showing (A) the right gonad of an incipient metamorphic male; (B) the 
right gonad of an advanced metamorphic hermaphrodite; (C) the left gonad 
of the same individual ; and (D) the right gonad of a premetamorphic fe¬ 
male (X 365). Cc, central cavity of ovary; cd, collecting duct of the testis 
and testicular region of the hermaphroditic gonad; d, degenerating cells; f, 
follicles; mf, spennatogonial mitoses; o, ova (primary oocytes); p, peritoneal 
investment; pi, polymorphonuclear germ cells (primary spermatogonia) ; tl, 
testicular lobule ; tp, testicular pigmentation ; yo, young primary oocytes. 
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Others with iron h?ematoxylin, and still others with safranin and 
light green. The lobules of the normal testis (Fig. 6 A) are made 
up of spermatogonia surrounded singly or in small groups with 
follicle cells, with which the cysts later to be formed by the divi¬ 
sion of these spermatogonia will be covered. Typical spermato- 
gonial mitoses are seen in this and in other sections. In the her¬ 
maphroditic gonads (Figs. 6 B and C) we find a testicular struc- 
tnfe corresponding in general to that shown by the normal testis, 
with typical mitoses in evidence. At the level shown in C in which 
the ovum constitutes practically half of the total diameter of the 
gonad, the testicular part is not quite so far advanced as in B, but 
is, in fact, in much the same condition as the more anterior region 
of the normal testis. The ova shown in both of these sections are 
typical, as will be seen by comparison with the section of the 
normal ovary (Fig. 6 D), although they are not equal in size to 
the larger ones of the normal ovary. 

Incipient Prenietamorphic Stage, 

In the examination of younger stages in which little or no tes¬ 
ticular pigment had developed, reliance for the diagnosis of the 
sex had to be based upon the shape of the ovary with its protrud¬ 
ing ova to distinguish that organ from the slender testis or from 
the testis with- female elements present in it. 

Figure 7 B shows the general appearance of the hermaphroditic 
gonad of a 36 mm. incipient prenietamorphic individual, and Figs. 
7 A and C show gonads of a typical male and female of about the 
same size and developmental condition. The smaller size of the 
hermaphroditic gonad is again evidenced. The ova are of about 
the size of the smallest seen in the normal ovary. 

The anterior part of the reproductive organs in each case was 
sectioned transversely for the purpose of studying the relation of 
the ducts; while the posterior part, including, in fact, the major 
part of the gonads themselves, was sectioned horizontally. Dela- 
field haematoxylin and iron hsematoxylin staining were used. 

Histologically the developmental condition of these gonads as 
shown in Fig. 8 A, B, and C is not essentially different from that 
of the metamorphic stage, except that both in the normal testis 
and in the testicular region of the hermaphroditic gonad there are 
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more single spermatogonia and fewer in groups, although the lob- 
ulated structure of the gonad is evident. There were fewer in¬ 
stances of spermatogonial mitosis, none, in fact, discovered in the 
hermaphrodite, the sections of which, however, were somewhat 



Fig. 7. Camera lucida drawings of the ventral view of the gonads of (A) 
an incipient premctamorphic male, length 37.4 mm.; (B) an incipient pre- 
metamorphic hermaphrodite, length 36 mm.; and (C) an incipient premeta- 
morphic female, length 36.2 mm. (X 15). mesonephros, o, ova; ts, tes¬ 

tis and testicular portion of hermaphroditic gonad. 

fragmentary. In every other particular of cell arangement and 
nuclear structure the testicular regions of the hermaphrodite were 
identical with the normal testis. The ova of the hermaphrodite. 
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though of smaller size, were perfectly normal in appearance. 
They have the typical relationship to the testicular lobules, and, 
owing to their earlier stage of growth, do not bulge out so con¬ 
spicuously from the surface of the gonad as in the case of the 
metamorphic stage (cf. Fig. 6 B and C). 





Fig. 8. Horizontal sections through corresponding regions of the gonads 
shown in Fig. 7 of (A) male; (B) hermaphrodite; (C) female (X 356). Cc, 
central cavity; f, follicles; o, ova (primary oocytes) ; p, peritoneal investment; 
pi, polymorphonuclear genn cells (primary spermatogonia) ; tl, testicular 
lobule; yo, young primary oocytes. 
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Typical Larval Stage. 

With the younger stages, macroscopic evidence could be relied 
upon still less for sexing, although normal ovaries are easily 
recognizable if the growth period of the ova has been well entered 
upon, and such normal female gonads packed with growing ova 
of approximately uniform size have been distinguished macro- 
scopically in larvie as small as 25 mm. in length, though our per¬ 
centage data (p, 8) did not include individuals under 27 mm, in 
length. The difficulty in sexing lies in the uncertainty as to the 
presence of male elements in gonads in which the ova are few in 
number but unmistakable. We have not as yet examined micro¬ 
scopically large numbers of gonads of young larvae. However, in 
looking over our laboratory sets of serial sections of larvae col¬ 
lected in September or early October, ranging in length from 17 
to 25 mm. and presumably about 12 weeks old, we find that while 
a few of them show a condition which might be considered as 
sexually indifferent in that the gonads are made up of typical 
primordial germ cells, each with its investment of follicle cells, 
arranged in single rank about a central cord, a larger number of 
those examined, including some of the smallest individuals, show 
practically all of the germ cells in early maturation stages (lepto- 
nene and pachytene) or as growing oocytes. Such an individual 
seems to us to be a female, since other individuals show gonads 
made up of more numerous, smaller germ cells grouped in such a 
manner as to suggest at once the incipient lobules of a typical 
testis. In such gonads the germ cells show no maturation phe¬ 
nomena, although mitosis is ocasionally seen. For the most part 
the nuclei are either polymorphic, or in rounded form with one or 
more conspicuous nucleoli. As we have very few data as to the 
condition of the gonads the following spring, we can only express 
here our tentative opinion that this species, in spite of its pro¬ 
longed larval life, exhibits no such early larval maturation of male 
germ cells synchronously with that of the female germ cells, as has 
been described by Swingle (’21) for Rana catesheiana. 

To push our power of diagnosis of sex and recognition of pos¬ 
sible hermaphrodites back into these early stages demands as a 
basis, not only a careful and thorough cytological investigation of 
the origin and differentiation of the germ cells such as that of 
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Bouin (01) and Dustin (’07) for other species of Amphibia 
(mainly Anura), and Okkelberg ('21) for the brook lamprey, but 
also a complete bridging over of the gap between the early de¬ 
velopmental phenomena and the seasonal sexual phenomena of 
adult life. 

With regard to the bearing which occasional hermaphroditism 
such as this has upon its regular occurrence in certain species of 
animals, and upon the significance of the phenomenon in general, 
two opposing views are held. One of these, as set forth by Don¬ 
caster (’14), regards hermaphroditism not as a primitive but as a 
purely secondary condition. This opinion is based mainly on the 
fact that the hermaphroditic species of animals are, for the most 
part, highly specialized ones. Sporadic hermaphroditism is thus 
considered an example of variation along this same direction. 

The other view is that which has recently found so vigorous a 
supporter in Jordan (’22), that hermaphroditism, at least in the 
vertebrate group, is a primitive character. Jordan points out '' the 
abundant evidence of a normal hermaphroditic condition either 
adult or juvenile, among lower vertebrates (c.g., tunicates, cyclo- 
stomes, probably some Amphibia),” and that “the early gonads 
with their primordial germ cells appear identical.” This view of 
the primitive character of hermaphroditism naturally goes hand 
in hand with the theory that sex determination is a matter of dif¬ 
ferential metabolism and that forms in which sex determination 
has become bound up in the chromosomes represent a higher stage 
in metabolic control of the developing organism. 

Jordan points out the peculiar interest presented by the case of 
amphibians in this connection, since most investigators have 
failed to find any evidence of a sex chromosome in this group, al¬ 
though King (’12) describes it for Ncctnrus maculatiis, Levy 
('15) for Rana csciilcnta, and Swingle ('17) for Rana pipicns. 
In a later paper, however. Swingle ('21) questions the correctness 
of his own earlier identification of an accessory chromosome in 
Rana pipicns and suggests the strong probability that Levy may 
also have been mistaken. 

Jordan makes the suggestion that the Amphibia may consti¬ 
tute a group in which the evolution of the sex chromosome as a 
separate element can be traced, and in which also a general ten- 
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dency toward juvenile hermaphroditism liridges the gap between 
lower vertebrates where functional hermaphroditism occurs in 
certain classes and higher vertebrates where the condition occurs 
only as an anomaly. Swingle has done much to dispel the idea of 
juvenile hermaphroditism in the anurans. Cases of hermaphro¬ 
ditism such as we have here described in Eiirycca blslincata give 
every evidence of being a permanent rather than juvenile condi¬ 
tion. On the other hand, although we have thus far found no 
evidence that these permanent hermaphrodites arise out of an 
earlier condition in which the gonads have the potentiality for 
both sexes and may thus be regarded as capable of producing 
either males, females, or hermaphrodites, we do not feel that our 
investigation of these early stages has been sufficiently extensive 
to warrant us in excluding this possibility. In the absence of evi¬ 
dence of a chromosomal control of sex determination in this 
species, and indeed in Amphibia in general, one should maintain 
an open mind toward other possibilities. Much further investiga¬ 
tion of the subject is therefore obviously needed and is now in 
progress. 

Sum MARY. 

1. True hermaphroditism occurs in approximately constant 
proportions in every developmental stage of Enrycca hislineata 
from typical larval to adult. 

2. The percentage of occurrence of, hermaphrodites in this 
species, based upon the examination of 1,113 individuals, is 1.35 
per cent. 

3. There are now on record iS cases of hermaphroditism in 
urodeles. The first is that of La Valette St. George (95) in 
Triton tceniatus, the second is that discovered by Chapin (’15) in 
Extrycca bislincata, the third is that of Knzenecky (’17) in Triton 
crlstatiis, and the other 15 cases, in Enrycca bislincata, are pre¬ 
sented in this paper. 

DepartmeaN't of Zoology, Smith College, 

Northampton, Mass. 

November 13, 1923. 
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